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ACT probes new scales�

Sudeep Das for the ACT collaboration�



The Atacama Cosmology Telescope�
Located in Cerro Toco, Northern Chile�
High and dry: 5200 m above sea level, 0.49mm PWV�
6m off-axis Gregorian primary�
1’ resolution�
3 frequency channels:�
148, 218, 277 GHz�



The Survey�
To date ACT has taken ~18 months of data in 3 frequency bands, over 1300 

deg2
�

For the results in this talk, we focus on the Southern Survey over 300 deg2
�

at 148 and 218 GHz�

Sudeep Das for the  ACT collaboration�



Observing Stra(c)tegy�

Observe mainly at night: 20:30 – 09:30 local time�
Fixed elevation of 53o South�
Rapid scanning: 6 degrees every 8 seconds�

Cross-linking: observe each patch twice per night�

RA�

dec �

Southwest�
Southeast�



The ACT of Mapping�

Noise is complicated, 
includes correlations 
between detectors from 
atmosphere, etc.�

Jon Sievers for the ACT Collaboration�

The challenge is to go 
from raw ACT data �
to reliable maps of the 
sky (ie. with a transfer 
function on average = 
1)�



ACT Data�

11 12 13 14 

21 22 23 24 
31 32 33 34 
41 42 43 44 

Use the mean of the �
6 cross-spectra within a 
patch�

Split data into 
4 subsets�

4 patches of 5x14.8o size�

Auto spectra 
estimate the 
noise per patch�



The story so far...�

Fowler et al. 2010�
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Das, Marriage et al. 2010�

2008 Southern Survey�



WMAP calibration�

Haijan et al. 2010�



Null tests�

Diurnal�

Das, Marriage et al. 2010�





Photons scatter off 
hot electrons�



SZ effect is frequency dependent�

Sehgal et al. 2009�



frequency dependence 
of the SZ�



Dunkley, RH, Sievers et al. 2010�
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Conversion 
between 
thermodynamic 
and antenna 
temp units�

Poisson 
clustering�

Power law frequency 
dependence�

Dusty galaxies 
sit in halos  
ACT detects 
clustering at 5σ �



Radio sources modelled as Poisson sources�



One frequency is not enough to separate components�



Dunkley, RH, Sievers et al. 2010�



SZ amplitude�

Consistent with SPT value 
of ASZ=0.55±0.21�
(Lueker et al. 2009)�

Value depends on templates 
 different gas physics�



218x218�

148x218�

148x148�

The ACT components�

Dunkley, RH, Sievers et al. 2010�



Consistency with ΛCDM�
Dunkley, RH, Sievers et al. 2010�

‘Vanilla’ 
LCDM  



Testing the likelihood�

•  Assumptions:�

–   range of multipole:�
–  2% calibration in temperature�
–  including beam error�
– Src-1 clustered template�
– TBO-1 SZ template �

Are our results sensitive to these assumptions?�



Dunkley, RH, Sievers et al. 2010�



Where is ACT’s power?�

Silk damping regime:�
peaks 3-7 probed by ACT�



ACT detects lensing�
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Best-fit lensed spectrum has � less than unlensed spectrum�

Das, Marriage et al. 
2010�
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Inflationary parameters�

Dunkley, RH, Sievers et al. 2010�

Standard 
inflation gives 
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Dunkley, RH, Sievers et al. 2010�

Standard 
inflation gives 
zero running�

High ell range needed to 
probe scale dependent 
running�

Inflationary parameters�



r =�

p > 3 ruled out at 95% confidence�

Dunkley, RH, Sievers et al. 2010�

Constraints 
from the CMB 
alone�



Relativistic Species�
Relativistic species:�

damping of power �
+ �

shift in peak positions�

WMAP only 
constrains redshift of 
equality  �
small scale needed for 
Silk damping tail �



Relativistic Species�
Dunkley, RH, Sievers et al. 2010�



Primordial Helium�
What if Big Bang Nucleosynthesis was non-standard?�

More YP decreases 
e-  photons have 
longer mean free 
path  
suppression of 
power�



Primordial Helium�
Standard assumptions are Yp = 0.24�

Zero primordial Helium ruled out at > 6σ �
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ΛCDM


Battye & Moss, 2010�

Dunkley, RH, Sievers et al. 2010�

String amplitude�



ΛCDM


Nambu string template  
uncertainties in spectrum�

Dunkley, RH, Sievers et al. 2010�

String amplitude�



ACT Cluster detection�

Marriage et al. 2010�



Optical Followup�

Menanteau et al. 2010�

z=0.51� z=0.54�



Cluster number counts�

Basic cosmological 
model fits the data 
well�

See cluster 
cosmology analysis 
in�
Sehgal et al. 2010�



These results are Southern Survey – analysis to come of 
equatorial data.�

        ACTPol: �

Low foreground contamination�
large signal�

What is the next ACT?�

Primary EE 
CMB�



Summary�


